This paper studies on the attenuation of conducted electromagnetic interference (EMI) generation in a switching power supply using passive filtering technique. The switching power supply functions with the switching frequency range up 20 kHz and mostly generates noises in low-and-high frequencies; this leads to EMI problems to electronic and/or electrical devices/equipment. To overcome the problems, electromagnetic compatibility (EMC) regulation should be applied. The EMC standard for conducted emission measurement is principally defined in the frequency range of 150 kHz to 30 MHz. The analysis and experimental results show that by inserting a passive filter to the studied switching power supply, the conducted emission can be reduced in the specified frequency range. The obtained results will be additionally compared with an EMC standard (EN55022 class B) in order to reveal the effectiveness of the applied EMI attenuation technique. Finally, the switching power supply should apply filtering technique in development of electronic and/or electrical devices/equipment.
Introduction
Power electronic era of rapid development, switching power supply is on the basis of the development of modern electronics and technology (1) . Switching power supply is more widely used in many industrial devices/apparatus. The applications of switching power converter are such as in the information and telecommunication industry, renewable energy conversion, electric vehicles, audio amplifiers, lighting technology, power system conditioning, energy recycling in the manufacturing industry, drives, and high power industrial applications, basic principles of operation of a power electronic circuit, basic components of the power circuit, power semiconductor switches and passive reactive elements. Today, switching power supplies comprise EMI Filter for reducing conducted EMI emission for both common mode (CM) and differential mode (DM). Theoretically, each component of EMI filter can mitigate the CM and/or DM emissions. Normally, the EMI filter is composed of common mode capacitor (C Y ), differential mode capacitor (C X ), common mode choke (L CM ) and differential mode choke ( L DM ). The common and differential mode chokes of EMI filter are mainly used to limit the CM and DM emissions, respectively (2) (3) (4) . The required attenuation of the DM filter could be calculated by selecting the largest peak value within the relevant range (150 kHz-30 MHz) and comparing this value to the limits. The required filter attenuation is used to choose an appropriate DM filter topology and the number of connected filter stages in series. On the basis of the filter topology, the corner frequency of the filter is calculated so that the attenuation is equal to the required one added with 6 dB margin at the given frequency. With the corner frequency of the filter, the LC values will be determined. Since the output impedance influences on the stability of the system, the controller regulates the dc output voltage to a constant voltage resulting in a constant power load behavior at the input. This behavior could lead to instability in combination with the main EMI filter impedances. For applying filtering technique, it is based on design method relying on the assumption that DM noise is dominant in the lower frequency ranges. To assure that this assumption is valid, filter technique will be applied to the studied system, which is herein the switching power supply (5) .
Experimental System Setup and Filtering Technique

Test setup for EMI measurement
Test setup usually refers to the EMC standard, such as 5 and calculation is based on the cut-off frequency (f C ) of EMI filter, the selected f c is determined from the measured noise. The cut-off frequency is the starting frequency of signal attenuation; if one assumes that differential-mode (DM) noise series source impedance is very small, the impedance of C X2 is bigger than C Y , then differential-mode (DM) attenuation is achieved. But in this case L DM is (2L D + L leakage ) and C DM is C X1 . So, the corner frequency for differential mode (DM) component f C,DM can be determined using equation (1) (7) .
Similarly, the EMI filter for differential-mode (DM) component can attenuation approximately 40 dB/decade (6, 8) .
Results and Discussion
The switching power supply; a part of radio signal receiver generates conducted noise in frequency domain as shown in Fig. 6 . It shows that its switching frequency is 22 kHz (the first harmonic). The design method relies on the assumption that differential mode (DM) noise is dominant in the lower frequency ranges. The selected f c is determined from the measured noise of switching power supply. To estimate the attenuation of EMI filter, a line with slope of 40 dB/decade is plotted in Fig. 7 . The corner frequency f C,DM for differential mode (DM) component is found to be 7.26 kHz, then substituting this value into equation (1), and choosing C X1 =C X2 =0.1µF, and neglecting L leakage , thus, value of L D is found to be 2.4 mH (6, 9) .   Then, the switching power supply connecting to EMI filter is taken into account for EMI emission measurement.
The testing result of conducted noise for connecting to EMI filter is illustrated in Fig. 9 . The spectrum is compared with the EN55022 class B standard. It is clearly seen that the conducted noise level becomes lower than the previous case around 20 to 30 dB (for frequency range of 150 kHz -800 kHz). This confirms the effectiveness of using filter technique for conducted EMI attenuation in switching power supply. 
Conclusions
